The susceptibilities of various strains of mice to a highly pathogenic strain of Mycobacterium intracellulare, the Mino strain, were determined by intravenous injection of 5 x 106 bacteria. CFU were counted on days 1 and 21 of infection. Among 10 strains of mice, C57BL/6, C57BL/10, BALB/c, B10.BR, B10.A, and B10.D2 were susceptible, whereas DBA/2, A/J, CBA, and C3H/He were resistant. In the susceptible mouse strains, the number of bacteria increased during 21 Mycobacterium intracellulare is found widely in the natural environment and sometimes causes pulmonary disease in human adults and localized lymphadenitis in pigs (21). Clinically, most strains of M. intracellulare are resistant to antituberculosis drugs, which makes chemotherapy difficult. There is no experimental model system for M. intracellulare infection so far in spite of its need for determination of the virulence of clinically isolated bacteria or the effect of chemotherapy against M. intracellulare infection. Because most experimental animals are resistant to infection with M. intracellulare, the pathogenicity of this organism itself has been questionable.
Mycobacterium intracellulare is found widely in the natural environment and sometimes causes pulmonary disease in human adults and localized lymphadenitis in pigs (21). Clinically, most strains of M. intracellulare are resistant to antituberculosis drugs, which makes chemotherapy difficult. There is no experimental model system for M. intracellulare infection so far in spite of its need for determination of the virulence of clinically isolated bacteria or the effect of chemotherapy against M. intracellulare infection. Because most experimental animals are resistant to infection with M. intracellulare, the pathogenicity of this organism itself has been questionable.
Mice have also been considered to be resistant to M. intracellulare and therefore inadequate for an experimental model. However, many reports have shown that there are differences among mouse strains in sensitivities to some bacterial (4, 5, 6, 11) , viral (3, 16) , fungal (13) , and protozoal (1, 24) infections. These differences are influenced by the virulence of the parasite and the genetic background of the host. Therefore, we compared the virulences of various strains to M. intracellulare for a given mouse strain and also compared the sensitivities of various mouse strains to infection with a given strain of M. intracellulare to find an adequate host-bacteria combination for the establishment of an experimental model system for M. intracellulare infection.
In the present study, 16 strains of M. intracellulare were examined for virulence for CF1 mice. A freshly isolated M. intracellulare strain, Mino, which is highly virulent for CF1 mice, was used to determine the susceptibilities of various mouse strains to M. intracellulare. A marked difference was observed in bacterial growth among inbred strains of mice, and the possible genetic control of resistance to M. intracellulare infection is discussed.
MATERIALS AND METHODS
Mice. Male and female C57BL/6 (B6), C57BL/10 (B10), C3H The colonies were counted after 3 weeks of incubation at 370C. Bacterial growth in vivo. The mice were killed at various intervals after injection, and the spleens were removed aseptically, weighed, and homogenized separately in sterile distilled water. Each sample was diluted appropriately, and 0.1 ml of the suspension was inoculated on T-Ogawa medium. Colonies were counted after 3 weeks of incubation. The growth rate was expressed by the mean number of bacteria in the spleen on day 21 divided by the mean number on day 1. PPD-I. To obtain M. intracellulare purified protein derivative (PPD-I), M. intracellulare (Tasaka strain) was cultured in Sauton liquid medium at 37°C for 6 weeks and killed by heating at 1210C for 15 min. The bacteria were removed by centrifugation at 10,000 rpm for 30 min, and the supernatant fluid was passed through a 0.45-,um (pore size) Millipore filter. Ammonium sulfate was added to 80% final concentration. The pH was adjusted to 7.8 with NH40H. The precipitate was harvested by centrifugation and dissolved in a small amount of 0.05 M phosphate buffer (pH 7.8). After dialysis against 0.05 M phosphate buffer overnight, this protein-rich suspension was eluted through a Sephadex G-25 column in 0.05 M phosphate buffer. The optical density at 280 nm of the eluted fractions was measured by the Lowry method (14) .
Mouse footpad reaction and macrophage disappearance test. Delayed-type hypersensitivity (DTH) to PPD-I was measured in mice infected with M. intracellulare by injecting 10 ,ug of PPD-I in 0.05 ml of phosphate-buffered saline (PBS) into one hind footpad, and the amount of footpad swelling was measured 24 and 48 h later with a dial gauge (Peacock; Ozaki Co., Tokyo, Japan). For the macrophage disappearance test, the mice received an intraperitoneal injection of 10% Proteose Peptone (Difco Laboratories) at time zero and 50 jig of PPD-I in 0.5 ml of PBS at 72 h. The control mice received Proteose Peptone and PBS alone at 72 h later. At 6 h after PPD-I or PBS injection, the mice were killed, and the peritoneal exudate cells were collected in 5 ml of PBS. The total numbers of cells and macrophages were counted. The presence of macrophages was determined morphologically by Giemsa stain.
Agglutinin antibody. Serum was taken from each of the M. intracellulare-infected mice and inactivated at 56°C for 30 min before use. M. intracellulare Mino was cultured on Middlebrook 7H10 agar slants at 37°C for 2 weeks. The bacteria used as the antigen were suspended in PBS containing 0.5% phenol to be adjusted to the optical density of 0.3 in a spectrophotometer with a green filter. For the agglutination reaction, 0.5-ml quantities of dilutions of the mouse sera were mixed with equal volumes of the antigen suspension, and the mixtures were incubated at 37°C for 3 h. The agglutinin antibody titer was determined by reading the agglutination endpoint where the bacteria had settled on the bottom of the tube, and the supernatant was perfectly clear.
Histopathology. Specimens for histological examination were fixed in 10% Formalin in PBS, dehydrated in alcohol, and embedded in paraffin. Sections (4 ,um (Fig.  3a) . It was found that 10lg of PPD-I did not elicit footpad swelling in normal mice, but 25 jig of PPD-I did; therefore, 10 ,ug of PPD-I was used for the evaluation of DTH in the subsequent experiments.
The kinetics of the footpad reaction to 10 ,ug of PPD-I are shown in Fig. 3b . C3H mice showed a stronger response than did B6 mice. The highest response in both strains was observed 24 h after the eliciting antigen was injected.
DTH to PPD-I in the mice immunized with living M. intracellulare was tested by either the footpad reaction or the peritoneal macrophage disappearance test. The mice were immunized by intravenous injection of living M. intracellulare at a dose of 104 or 107. The DTH reactions were checked on days 10 and 20. The agglutinin antibody titer was also measured on these days. A significant DTH reaction was observed only in B6 mice that had received 107 living bacteria 20 days before (Table 2) . When the mice received 104 bacteria, no DTH was induced after infection. Even Histopathology. The livers of M. intracellulare-infected mice were examined histopathologically. Granulomas were observed in both B6 and C3H mice 2 weeks after injection of 107 bacteria. More granulomas were observed in B6 than in C3H mice at this time. The number of the granulomas increased in B6 mice thereafter, but not in C3H mice. When 104 bacteria were injected, a few granulomas were observed in B6 mice only at 8 weeks after infection, but no granulomas were observed in C3H mice at any time.
Protective immunity against secondary challenge with M.
intracelulare in susceptible (B6) and resistant (C3H) mice. B6
and C3H mice were infected with 5 x 104 M. intracellulare. After 2 weeks, the mice were challenged with 107 bacilli. Normal B6 and C3H mice of the same age were infected with 107 bacteria as controls. Two mice in each strain were killed 7 days later, and the others were killed 14 days later to determine the numbers of bacteria in the spleens (Table 3 ).
In the susceptible strain, B6, the increase in bacteria was smaller in the immunized group than in the control group, but not very significantly. In the resistant strain, C3H, on the other hand, the number of bacteria decreased in the same manner in the preinfected and the control groups (Table 3) .
Genetic analysis of susceptibility and resistance markers with Fl and backcross mice. Fl hybrids of B6 and C3H mice, B6C3F1, were resistant to M. intracellulare infection (Fig.  4) . This suggests that resistance to M. intracellulare is dominant over the susceptibility character. To analyze this character genetically, B6C3F1 x B6 or B6C3F1 x C3H mice were examined for susceptibility to M. intracellulare. The mice were challenged with 5 x 106 M. intracellulare, and the numbers of bacteria recovered from the spleens on days 1 and 20 were determined. The average number of CFU in the spleens of either strain on day 1 was 105.8 (Fig. 4) . We determined that the mice were susceptible or resistant by comparing the viable count on day 1 with that on day 20. Approximately 50% of the B6C3F1 x B6 backcross mice were susceptible. The offspring of the converse backcross onto the resistant parent, B6C3F1 x C3H, were 100% resistant. In the F2 generation, the ratio of resistant mice to susceptible mice was ca. 3:1 (Fig. 4) . Analysis of B6C3F1 x B6 mice revealed that there was no correlation between susceptibility to M. intracellulare and coat colar (data not shown). DISCUSSION Of 16 strains of M. intracellulare, the Mino strain, which had been isolated from an atypical mycobacteriosis patient, -n U) (017) (7/7) (919) (16/16) was selected as the standard strain in this study because it was highly virulent for CF1 mice and its pathogenicity remained unchanged when maintained on T-Ogawa medium.
When the Mino strain was used as the pathogen, various mouse strains were found to be divided into two types according to their responses. One was the susceptible type that permitted bacterial growth in vivo; these infected mice died 40 to 50 weeks after infection with 107 bacteria. The number of bacteria in the spleen reached 109 at this time. The other was the resistant type in which the bacteria did not grow, and, consequently, the inoculated mice did not die from the infection. B6, B10, B10.BR, B10.A, B10.D2, and BALB/c mice were susceptible, and C3H/He, CBA, A/J, and DBA/2 mice were resistant. The difference in these types was very clear. The histological data were parallel to the bacterial growth data in vivo. Severe granulomatous lesions were found only in the susceptible mice, wherein the bacteria propagated well, but almost no lesions were observed in the resistant mice. (Goto, unpublished data). It seems possible that the virulence of the bacteria used would modulate the effect of the natural resistance of the host cells in various organs. Lung macrophages are known to behave differently from the macrophages of other organs in cytotoxic activity (T. Tokunaga and K. S. Akagawa, Proceedings of the 4th Leiden Conference on Mononuclear Phagocytes, in press). Therefore, it would be possible that the expression of natural resistance in macrophages may differ depending on the organs infected.
It is not clear whether natural resistance and acquired resistance have any relationship to each other. A strain naturally resistant to M. bovis BCG has been shown to develop neither DTH nor protective immunity within first 2 to 3 weeks of infection (8, 19) , whereas a Bcgs strain has. However, the same dose of M. bovis BCG has induced clear protective immunity in both Bcgr and Bcgs strains 6 weeks after infection in a different experiment (18) . For M. intracellulare, a low dose of the primary challenge seemed to have induced a slight inhibition of growth of the secondary challenging bacteria in a Bcgs strain. However, the difference between the controls was not very significant. This may be a result of the small antigenic burden of the primary challenge. Further studies with various doses and time intervals are necessary because the discrepancy between previous experiments (18, 19) seems to be the result of the difference in doses and time courses selected. DTH was induced in B6 mice injected with a high dose of M. intracellulare, but not in C3H mice. This result is consistent with the fact that DTH can be induced by injection with M. bovis BCG in Bcgs but not in Bcgr mice (8) , except in the present study the dose of M. bovis BCG was much lower than that of M. intracellulare. It is interesting to know whether or not suppressor T cells are induced in C3H mice with M. intracellulare infection because suppressor T cells are induced by a large dose of injected M. bovis BCG or Mycobacterium avium (17, 25) .
